Background/Aim. Cardiovascular disease imposes a burden to society in terms of mortality, morbidity and economic losses. The aim of this study was to estimate the economic burden of cardiovascular disease in Serbia in 2009 from the perspective of the society. Methods. For the purpose of the study cardiovascular disease was defined by the International Classification of Diseases, 10th revision, as the following diagnosis: hypertension, coronary heart disease, cardiomyopathy, heart failure and cerebrovascular disease. The prevalence, top-down method was used to quantify the annual cardiovascular costs. Productivity losses were estimated using the human capital approach and the friction cost method. A discount rate of 5% was used to convert all future lifetime earnings into the present value. Results. The total direct costs of cardiovascular disease in 2009 were € 400 million. The results showed that more than half a million working days were lost due to incapacity resulting from cardiovascular diseases, yielding the € 113.9 millon. The majority of total costs (€ 514.3 million) were for: medication (29.94%), hospital days (28.97%) and hospital inpatient care -surgical and diagnostic interventions (17.84%). The results were robust to a change in 20% of volume or the unit price of all direct and indirect cost and to discount rate 2% and 10%. Conclusions. The total cardiovascular disease costs in 2009 represented approximately 1.8% of the Serbian gross domestic product. The results of the study would be valuable to health policy makers to bridge the gap between invested resources and needs, in order to improve cardiovascular disease outcomes.
Introduction
Cardiovascular disease (CVD) imposes a burden to society in terms' of mortality and morbidity, as well as an economic impact. Management of CVD consumes a large amount of healthcare resources. In America nearly 2,400 Americans die of CVD each day, an average of one death every 37 seconds 1 . CVD mortality in Eastern European countries is much higher than the European average as it reaches a value of 650 deaths per 100,000 in some countries 2 CVD dominated the burden of premature mortality in Serbia (48%) with almost 400,000 years of life lost 3 . Cost of illness (or burden of disease) analysis involves identification, measurement and valuation of resources related to the illness, in this case CVD. The economic burden of CVD consists of direct and indirect costs. Direct costs are associated with hospitalisations, physician visits, rehabilitation services and medications. Indirect costs represent losses to the economy due to premature mortality and morbidity, resulting in lost economic production and consumption and the associated effect on the functioning of the economy. The total costs of CVD in the European Union were over 168 billion Euros in 2003, of which direct healthcare costs represented 62% 4 . National health authorities have postulated in their report 5 that intensive research work is needed in the field of CVD, particularly the impact of hypertension and its major complications. Therefore, the purpose of this study was to estimate the economic burden of cardiovascular disease in Serbia in 2009 from the perspective of the society.
Methods
For the purpose of the study CVD was defined by the International Classification of Diseases, 10th revision as the following diagnosis: hypertension (I10-I15), coronary heart disease (I20-I25), cardiomyopathy (I42), heart failure (I50) and cerebrovascular disease (I60-I69). The method of prevalence was used to quantify the annual CVD costs for the total Serbian population in 2009 6 . The analysis was performed from the societal perspective including direct healthcare costs, as well as indirect costs associated with productivity loss due to morbidity or premature death which were estimated.
We employed a top-down approach, using aggregate data on morbidity, doctor visits at primary care, hospitalisations, medications utilisation, rehabilitations and mortality. This approach was previously developed by Liu et al. 7 to estimate economic burden of coronary heart disease. Productivity losses were estimated using the human capital approach and the friction cost method 8 . All costs were expressed in Euros (€), using the 2009 average exchange rate to convert Serbian dinar (RSD) to the € (€1 = 94.12 RSD) 9 .
Healthcare direct costs
Direct costs include the value of medical care resources used to treat a disease. Healthcare costs were calculated by assessing the value of resources used by patients for detection, treatment and rehabilitation of CVD.
The following items of healthcare service were included: primary care provided by general practice; emergency care; hospital care; diagnostic and surgical procedures; rehabilitation services and medication treatment.
The number of patients visits to general practice regarding CVD was obtained from the Republic Institute for Health Insurance (RIHI). The total number of hospital emergency visits and hospitalisations were provided by the RIHI; the average length of stay in hospital due to CVD was eight days. The number of surgical interventions: percutaneous transluminal coronary angioplasty (PTCA), coronary artery bypass grafting (CABG) and coronography was also obtained from RIHI, due to their complete coverage by the RIHI. The number of diagnostic procedures was estimated based on the prevalence of the given CVD and the current clinical practice and guidelines in Serbia [10] [11] [12] [13] . The number of rehabilitations was obtained from the Republic Institute for Public Health; the average length of stay at the rehabilitation unit was 20.5 days. Utilisation of the medications in hospital and ambulatory settings aimed at prevention and treatment of CVD was provided from the RIHI. Data regarding the utilisation were considered for the following Anatomical Therapeutic Chemical (ATC) classification system medicines groups: B01 (antitrombotic agents), C01 (cardiac therapy), C02 (antihypertensives), C03 (diuretics), C07 (beta blocking agents), C08 (calcium channel blockers), C09 (agents acting on renin-angiotensin system) and C10 (serum lipid reducing agents).
The values of resources used were calculated by multiplying the resource quantities used in healthcare services for management of CVD with their unit costs. All costs are derived from the RIHI price list. The RIHI is a leading health care payer, responsible for the health care of almost the entire Serbian population (7.3 million). Hospitalisation daily costs are calculated as the average value of days spent in cardiovascular, neurological and neurosurgical unit, due to the fact that the RIHI charges hospitalisation cost per diem. Costs for a diagnostic procedures, both cerebrovascular disease and coronary heart disease, were calculated as the number of units consumed multiplied by the sum of different diagnostic procedures applied for given disease (e.g. neurological exam, computed tomography scan, magnetic resonance imaging of the head, basic analysis of blood, biochemical analysis of C-reactive protein, creatine kinase, electrocardiogram, etc.). The costs of rehabilitation were calculated as the average cost per day spent in rehabilitation centres, multiplied with the average length of stay (20.5 ) and the number of rehabilitation procedures. For ambulatory prescribed medicines we included the pharmacy mark-up and value added tax.
Healthcare indirect costs
Indirect costs included forgone earning related to mortality and morbidity due to CVD which were estimated using the human capital approach. The indirect cost from mortality was estimated considering the following: the number of premature deaths due to CVD 14 , the number of working years left till retirement (65 years of age for men, 60 for women) 15 , unem- ployment rate and the 2009 average earnings 16 . We also calculated the productivity loss in retirement based on predicted years spent in retirement, life expectancy, and 2009 average pension earnings.
The value of indirect cost from morbidity was estimated as total number of days lost from work obtained from the RIHI multiplied by the average daily earnings 16 . According to the current legislation 17 , the first 30 sick days are paid by the employer, additional sick days are charged to RIHI. Thus we estimated the number of employers' paid sick days as the total number of persons for which the RIHI paid sick allowances multiplied by 30 days. The authors did not find any way of estimate the number of days lost due to morbidity paid by employers not followed by the RIHI coverage.
Due to the fact that an estimate of lost production using the human capital approach tends to be overestimated, we also apply the friction cost method. In this case, production losses are calculated during "the friction period" (time between the start of absence from work and replacement). This is estimated to be about 90 days 18, 19 . The friction period adjusted productivity loss was calculated by multiplying the unadjusted productivity loss, obtained as described above, by the friction period (90 days) and then dividing this product by the average duration of work incapacity (calculated in this study, for CVD patient). A discount rate of 5% was used to convert all future lifetime earnings into the present value 20 .
Sensitivity analysis
To examine the robustness of the results we performed one-way sensitivity analyses. We assessed the change in the estimated total cost of CVD resulting from a 20% change in the volume or the unit price of all direct and indirect costs; the 20% change was based on the cost of illness study conducted in EU 4 . The effect of discounting on indirect costs was assessed using the rates of 2% and 10%. All analyses were performed using the Microsoft Excel.
Results
In 2009 women were diagnosed more often with CVD than men (54% vs 46%). There were 338,279 patients diagnosed with hypertension; 505,358 patients with coronary heart diseases; 221,663 patients with cardiomyopathy; 61,713 patient diagnosed with heart failure and 187,564 patient with cerebrovascular disease. Most of the diagnosed diseases occurred in patients aged over 70 (Figure 1 ).
Direct costs
The total direct costs of CVD in 2009 were € 400 million (Table 1) . Hospitalisation and surgical and diagnostic procedures applied to hospitalised patients accounted for € 240.7 million, or 60.13% of the direct costs. The majority of costs attributable to surgical and diagnostic procedures were allocated on diagnostic of cerebrovascular sequel (25.48% of costs allocated on surgical and diagnostic procedures) and PTCA (30.77% of costs allocated on surgical and diagnostic procedures). Medication treatment accounted for 38.46% of total direct costs (€ 154 million). Of these costs, 87.2% was for prescription medicine covered by the RIHI used by outpatients. Physician visits at primary care and rehabilitation accounted just for 0.83% and 0.58%, respectively, of total direct costs.
Indirect costs
The results showed that more than a half million working days were lost due to incapacity resulting from CVD (Table 2 ). Cerebrovascular and coronary heart diseases caused the longest absence from work, on average, 112.8 days and 100.7 days, respectively. The average length of incapacity for all CVD patients was 95 days. The production losses due to CVD morbidity estimated using the human capital approach were € 11.6 million; with the friction cost method the estimate was lower at € 11 million. According to the results, more than 7100 working years were lost from CVD; 74% of these years lost were from deaths in men. Of all working years lost in men 83.05% were in the 40-59 year age range; in women 74.92% of the working years lost were from deaths in the 40-59 year age range. The mortality costs due to CVD were estimated to be € 104.4 million. However, after adjustment for friction period estimate fell to € 102.9 million. Table 3 shows the total costs of CVD for Serbia in 2009. The total costs resulted in € 514.3 million; most of these costs were used for medication (29.94%), hospital days (28.97%) and hospital inpatient care -surgical and diagnostic interventions (17.84%). Indirect costs (mortality and morbidity) accounted for 22.15% of total costs. 
Total costs

Sensitivity analysis
The baseline estimate of total cost related to CVD was not sensitive to changes in the input variables (Figure 2) .
A change of 20% in volume or cost of hospitalisation and prescription medicine produced the largest variation in the baseline estimate of total cost of ± 5.79% and ± 5.07%, respectively. Regarding the variables included in indirect costs, the largest impact on total cost had 20% change in the number of years lost in retirement for women (± 2.16%) and change in discount rate. When a discount rate of 2% was applied, the baseline estimate changed for 2.31%; with the rate 10%, the total cost decline for -2.80%. Changes in all other variables produced very small effects on the total cost estimate (between 0.06% and 1.03%).
Discussion
CVDs are a costly group of diseases to the health care system. In 2009, the average CVD direct costs per patient were over € 300. The results of the direct costs of CVD show that more than 60% of the costs are attributable to hospitalisation and surgical/diagnostic procedures, while medication treatment represented over 38% of the direct costs. Primary care, which to some extent can be considered as preventive medicine, accounts only for 0.83% of direct costs. In the majority of studies on evaluation of economic burden of CVD, hospital costs were the most expensive direct category, with the values of 50-66% of total direct cost, followed by pharmaceutical expenditures 4, 7, 21, 22 . On the other hand, Maetzel et al. 23 showed that 51.2% of direct costs in hypertension were attributable to drugs, and only 20% to hospitalisation. Primary care accounted for only 8.8% in direct costs in EU, with significant variation between countries, from 0.7% in Greece to 15.9% in Germany 4 . The estimated total indirect costs of CVD in Serbia were almost € 114 million, with more than 90% attributable to mortality. The cost of CVD in EU revealed that almost 70% of indirect costs are attributable to mortality; in some EU countries, like Latvia, mortality represented 90.63% 4 . The total cost of CVD in Serbia was estimated to be over € 514 million. Only a quarter (22.15%) of total cost was estimated to be indirect cost (Table 3) . In contrast, studies conducted in UK, Canada, Finland and Mexico 7, 21, 22, 24 noted that much higher percent (in some cases over 50%) of total cost is attributable to indirect costs. Such difference could be explained by much lower average earning than in the above mentioned, Western market economics. Bloom et al. 25 , in the review article of published cost-of-illness studies on US populations, estimated that more than 48% of total cost was attributable to indirect costs. A study by Leal et al. 4 , showed that daily and annual earnings in newer EU countries (like Estonia, Latvia or Lithuania) in 2003, were more than eight times lower than in older EU countries. Similar results were observed in other transition countries, after conducting the different cost of illness studies 26, 27 . The magnitude of the total costs devoted to CVD prevention and treatment can be best represented as a % of gross domestic product (GDP). According to our results, total cost of CVD comprises approximately 1.78% of the total Serbian GDP 15 . In 2009 the total CVD cost was 3.37% of the total American GDP 1 . On the other hand, results of study conducted in China in 2003, showed that 0.62% of the China GDP was attributable to direct costs only 28 . In Serbia, women were diagnosed more often with CVD, primarily coronary heart disease. Similar results were shown in other studies 1, 23 where the prevalence of CVD was higher in women. As it would be expected the majority of diagnosed patients were older than 70 years. The prevalence of CVD increases with age, from 38.2% in the age group 40-59 to 82.6% among those aged 80 years or older 1 . A sensitivity analysis indicates that volume or cost of hospitalisations and medicines are components which are most likely to affect estimated total cost but the overall impact is small, less than 6% on total cost estimate ( Figure 2 ). This study has limitations because estimates of costs are likely to be underestimated. The authors did not include preventive actions like anti-smoking campaigns in the analysis, because of unavailability of the quantity of promotion activities and the amount of money devoted to them in Serbia. A study on coronary heart disease costs in UK 7 estimated that less than 0.002% of total cost was attributable to prevention, so the authors believe that this omission would not affect our results substantially.
The authors analysis also did not consider the cost of patient travel expenses. However these costs make up only a small percentage of CVD costs 29 . The out-of-pocket expenditures for different Over the Counter (OTC) medicines or dietary supplements for CVD were not considered in the analysis due to no published data regarding the consumption. As the authors postulated in the Methods section the sick leave less than 30 days was not included in the study due to the absence of the data. Also, since we used the prevalence, top-down approach, productivity losses were estimated as average earning ad pension. The cost estimate would probably be different if patient population was divided into subgroups according to the education level and socioeconomic status. However, due to the absence of these data, a more accurate estimate was impossible.
Authors did not focus on the clinical guidelines and protocols. It would be interesting for further research to evaluate compliance of the prescribers with the clinical guidelines, especially with the recommendations regarding antihypertensive medications, since our study showed that almost 30% of a total cost is attributable to medications cost.
In spite of its limitations, this is the first cost of illness study that estimated direct and indirect costs associated with CVD in Serbia. Cost of illness studies cannot determine whether healthcare system is spending too much in a particular area, in this case CVD, but it has the potential to identify main cost drivers of the disease. This helps in allocating scant health care resources efficiently, and consequently leads to improved clinical and economic outcomes, reducing the morbidity and mortality of CVD, resulting with the substantial financial savings. Also, the magnitude and pattern of expenditure can guide research priorities and decision makers in the development of better action plan in order to decrease the burden of CVD.
Conclusion
CVD is a high costly group of diseases with the heavy burden to society. The total costs in 2009 represented approximately 1.8% of the Serbian GDP. The authors believe that the results of this study would be of special interest for national health policy makers to bridge the gap between invested resources and needs, in order to improve CVD outcomes. High efforts should be made and taken to prevent CVD in order to reduce medical costs and productivity losses to society.
